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Testosterone is the principal androgen in the human male. The decline of testosterone 
with aging was recognized to be associated with a number of symptoms and signs that 
reduce the quality of life and that may even have severe, debilitating consequences. 
Clinically, late-onset hypogonadism (LOH) is diagnosed by use of biochemical and clin-
ical measures. Despite published guidelines and recommendations, however, un-
certainty surrounds the profile of clinical symptoms as well as the biochemical thresh-
old of diagnosis. Clinicians should be aware of these shortcomings while adhering to 
the guidelines. Current treatment methods are centered on restoring testosterone to 
mid to lower levels of young men with natural testosterone replacements. Although 
recent studies have highlighted possible additional benefits involving improvement of 
systemic disorders, the goal of treatment is to improve sexual function, while observing 
for adverse effects in the prostate. Overall, the problem of LOH in debilitating the qual-
ity of life and well-being is real, and by following proper guidelines with attentiveness 
to the results of treatment trials, testosterone replacement therapy presents a safe and 
effective treatment option.
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Testosterone is the principal androgen synthesized in the 
testis and the adrenal cortex in men. Its major physiologic 
roles include the development of the normal male, as well 
as maintenance of many male characteristics, including 
muscle mass, strength, bone mass, libido, potency, and 
spermatogenesis. The classic effects of testosterone re-
placement therapy were first noted in Brown-Sequard’s 
self-injection of fluid extracted from the testicles of dogs 
and guinea pigs before the Societe de Biologie in Paris, 
1889. He reported increased physical strength, mental 
abilities, and appetite [1]. Although his claims were never 
substantiated, his experiment led to a rash of endocrino-
logic research. Recent years have seen a revival in interest 
in the rejuvenating properties of testosterone. Epidemiolo-
gic studies have found a decrease of serum testosterone 
with normal aging [2,3]. Aging itself is typically associated 
with lack of energy, reduced strength, loss of libido,  and 
decreased sexual performance; many of these symptoms 
are similar to the presentation of testosterone deficiency 
[4,5]. A number of guidelines have since been published in 
an attempt to define the condition and to recommend ap-
propriate treatment [6,7]. However, much confusion re-
mains as to the appropriate approach to the diagnosis and 
treatment of late-onset hypogonadism (LOH).
LATE-ONSET HYPOGONADISM
1. Difficulty in defining the clinical syndrome of late-onset 
hypogonadism
The decrease of serum testosterone with age has been wide-
ly documented. Cross-sectional studies, such as the 
Massachusetts Male Aging Study, showed a 0.8% per year 
decline with total testosterone and a 2% per year decrease 
with bioavailable testosterone [2]. Longitudinal follow-up Korean J Urol 2011;52:725-735
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showed a decline of 1.6% per year with total testosterone 
and 2% to 3% per year for bioavailable testosterone [3]. 
However, the clinical milieu of the age-related decrease in 
testosterone is varied in both its presentation and 
significance. 
Aging is typically associated with a decline in sexual 
activity. However, these changes have not been well 
documented. Recently, large cross-sectional studies have 
described a sharp decrease in sexual activity with old age 
[8,9]. Whereas 73% of respondents aged 57 to 64 years re-
ported sexual activity, only 26% were sexually active by 75 
to 85 years of age. Male responders in the survey reported 
a steady decline in sexual interest with increasing age, 
from 28.2% to 24.2%, but showed larger changes in inability 
to climax, from 16.2% to 33.2%, and erectile dysfunction 
(ED), from 30.7% to 43.5%. Although decrease in sexual in-
terest may accompany ED, the survey also showed that sex-
ual activity not requiring vaginal penetration also showed 
an abrupt decrease [8]. Another large-scale survey showed 
that an isolated category of ‘thinking about sex’ decreased 
abruptly for respondents replying ‘every day,’ from about 
40% for men in their 40s to about 12% for men in their 70s; 
respondents who replied that they thought about sex ‘never 
or less than once a month’ increased from about 2% for men 
in their 40s to about 36% for men in their 70s [9]. These data 
suggest that not only the physical function of sexuality but 
also its mental appetite is severely hindered with age.
The results of studies identifying these patients with 
evaluation of serum testosterone levels concurred with the 
general presentation of decreased sexual activity but de-
scribed a divergence between erectile function and libido 
in their specificity [2,10,11]. The Massachusetts Male 
Aging Study confirmed that, in general, testosterone levels 
decreased with erectile function and libido [2,11]. The 
Boston Area Community Health Survey showed that, 
whereas ED was more prevalent in the overall population 
than decreased libido, the proportion of patients with de-
creased libido was higher among patients with decreased 
total and free testosterone [10]. The recent European Male 
Aging Study showed that, although sexual symptoms were 
all associated with age to some degree, after factoring for 
age, ED was also more dependent than libido on the pres-
ence of comorbidities, such as cardiovascular diseases, dia-
betes, and depression [12]. The study also concurred that 
whereas both sexual symptoms were associated with low 
total and free testosterone, there was a higher correlation 
with the decrease of libido than with ED [13]. 
Although the relationship between sexual symptoms 
and decreased testosterone may seem intuitive, the diffi-
culty in delineating the clinical boundaries of the age-asso-
ciated decrease in testosterone is confounded by the fact 
that several nonsexual age-related symptoms and diseases 
are also associated with decreased testosterone to a vary-
ing degree. Testosterone deficiency has been associated 
with decreased muscle mass [14], decreased bone mineral 
density [15-17], and increased risk of cardiovascular dis-
ease, type 2 diabetes, and metabolic syndrome [18]. 
Increase of inflammatory cytokines and changes toward 
unfavorable lipid profiles are associated with the incidence 
of atherosclerosis and cardiovascular disease and even-
tually increased mortality [18]. 
However, the array of features is not usually presented 
in a uniform profile of a typical hypogonadal patient. In a 
cross-sectional cohort study of 434 patients, excluding pa-
tients who received previous therapy for hypogonadism 
and selecting for ages above 50, Zitzmann et al attempted 
to define categorical groups of features [19]. Although the 
prevalence of sexual symptoms, such as libido and vigor, 
significantly differed at testosterone levels of 430 ng/dl (15 
nmol/l), metabolic and psychosomatic risk factors accumu-
lated with decreasing testosterone levels. ED contributed 
to the symptoms only below 230 ng/dl (8 nmol/l). The study 
also suggested a syndromic association through cluster 
analysis, whereby patients could distinctively be grouped 
into clusters characterized by psychosomatic complaints, 
metabolic disorders, or sexual health problems on the basis 
of testosterone level, age, and body mass index. Analysis 
revealed three clusters characterized as being predom-
inantly psychosomatic, metabolic and psychosomatic, and 
predominantly ED. The European Male Aging Study, a 
cross-sectional survey of 3,369 men (range, 40 to 79 years) 
from a random population, also suggested a syndromic as-
sociation with decreased testosterone levels [13]. Although 
symptoms of poor morning erection, low sexual desire, ED, 
inability to perform vigorous activity, depression, and fa-
tigue were all significantly related to testosterone level, on-
ly the three sexual symptoms had a syndromic association 
with decreased testosterone levels. Incorporating low tes-
tosterone levels, morning erections, ED, and decreased 
sexual thoughts showed a clustering of patients. 
Furthermore, two or more of the three symptoms had an 
increased odds ratio compared with single symptoms com-
bined with higher power of exclusion by testosterone. 
Owing to the difficulty in delineating a clear-cut patient 
group, earlier studies used the questionnaires available at 
the time [20]. Diagnostic tools such as the Aging Male 
Survey and the Saint Louis University Androgen 
Deficiency in Aging Males are highly sensitive but sub-
optimal in specificity [21-23]. The International Society for 
the Study of the Aging Male (ISSAM) and the Endocrine 
Society both recommend against the use of questionnaires 
because of this lack of specificity and suggest instead a for-
mal method of symptom assessment [6,7]. However, even 
this approach has been criticized as being equally in-
effective in improving specificity [23,24]. Recently, newer 
diagnostic tools, such as the European Male Aging Study 
Sexual Function Questionnaire [13,25] and the New 
England Research Institute hypogonadism screener 
Screener) have specifically been structured to meet the 
needs of diagnosing LOH [26]. These tests boast good corre-
lation with serum total testosterone as well as high 
specificity. Whether these newer tools can assist in clarify-
ing the diagnostic presentation of LOH requires further 
validation.Korean J Urol 2011;52:725-735
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2. Difficulty in determining LOH by biochemical levels of 
testosterone
The testis secretes more than 95% of circulating testoster-
one in the male, producing up to 6 to 7 mg per day [27]. 
Biosynthesis takes place within the Leydig cells, stimu-
lated by luteinizing hormone. In the serum, testosterone 
is mainly bound to albumin (50%) and sex hormone–bind-
ing globulin (SHBG, 45%), leaving only a small physiologi-
cally active free fraction [28]. However, testosterone binds 
loosely to albumin, making this testosterone and free tes-
tosterone available to tissues, i.e., bioavailable testoste-
rone. Testosterone is tightly bound to SHBG, rendering it 
biologically inactive.
The difficulty in presenting a cohesive diagnosis of LOH 
on the basis of biochemically defined levels of serum testos-
terone lies with the complexity by which testosterone is 
regulated and actuates function. Beginning with variables 
associated with determining the level of biologically active 
testosterone as a result of the fluctuating amounts of SHBG 
produced, as well as tissue responsiveness to testosterone 
depending on site, the activity of the androgen receptor and 
the expression of the androgen receptor itself all function 
to present a clinical picture not easily represented by bio-
available testosterone or total testosterone. 
Several factors are associated with the regulation of 
SHBG. In humans, SHBG is produced by hepatocytes [29]. 
Hepatocytes are the primary site of plasma SHBG biosyn-
thesis [30]. Thyroid and estrogenic hormones and a variety 
of drugs, including the anti-estrogen tamoxifen, the phy-
toestrogen genistein, and mitotane, increase SHBG 
production. In contrast, monosaccharides effectively de-
crease production by inducing lipogenesis, and production 
is influenced by hormonal, metabolic, and even nutritional 
status [31]. Furthermore, SHBG has been shown to have 
signaling function of its own; SHBG activates cAMP-medi-
ated pathways associated with a variety of downstream ef-
fects, including estrogen-induced androgen receptor acti-
vation of prostate-specific antigen (PSA) gene transcrip-
tion and cancer growth and inhibition [32]. It is clear that 
several factors are interconnected with the level of plasma 
SHBG, which in turn is closely associated with functional 
levels of testosterone. It is all the more important in the eld-
erly, in whom the factors that affect SHBG accumulate. 
Epidemiologic studies show that whereas the level of total 
testosterone gradually decreases with age, the level of free 
testosterone decreases more sharply [33]. 
The androgen receptor is also subject to various forms of 
effect modification both in tissue-wise distribution and in 
its molecular activity and expression. The main component 
that imbues variability to the function of testosterone in 
the cell is its conversion to a more metabolically active form, 
dihydrotestosterone, or its aromatization to estrogen. 
Dihydrotestosterone, although similar in interactions 
with testosterone on the androgen receptor, differs in an-
drogen receptor and coactivator motif interactions [34]. 
Aromatization to estrogen has been implicated in various 
age-related adiposity-increasing mechanisms and behav-
ioral changes [35]. These differing potencies are thus in 
part reliant on the conversion ability of each tissue, organ, 
or individual, whereas the activities of 5α-reductase or ar-
omatase are dependent on various conditions or drugs, 
most notably 5α-reductase inhibitors and anticonvulsants 
[36]. Other modifications, evident through androgenic 
anabolic steroids and selective androgen receptor modu-
lators, are some examples of the variability of pre-receptor 
activity modification that is possible [37].
Finally, the androgen receptor has been shown to have 
various modifications through coactivators or genetic 
mutations. Coactivators are proteins that enhance li-
gand-dependent transcriptional activity. As stated above, 
the affinity of dihydrotestosterone derives in part from dif-
ferent activities pertaining to coactivators. Several co-
activators with various functions have been found, and 
their specific activities are currently under investigation 
[38]. The most studied androgen receptor genetic muta-
tions affecting pathophysiologic presentations have been 
the polymorphism of CAG repeats. The mutations vary in 
length of between 18 and 24 tandem repeats that influence 
expression. These mutations have been implicated in a va-
riety of pathologic states, including androgen insensitivity 
syndrome, genetic muscular atrophy diseases, and even 
prostate cancer, whereas normal variations have been im-
plicated in explaining racial differences in the incidence of 
these pathologic states [38,39].
The complexity of physiologic regulation has led to a diffi-
culty in determining appropriate reference levels for diag-
nosing LOH. Testosterone is known to have a circadian var-
iation, reaching peak values in the morning; however, this 
circadian variation is blunted with aging [40]. Both ISSAM 
and the Endocrine Society recommend early morning 
timed measurement of total testosterone, between 700 and 
1100 [6,7], because some studies showed that intra-in-
dividual variation remained relatively consistent, despite 
wide inter-individual variation in the emergence of symp-
toms [41]. However, other studies presented wide weekly 
and between-day intra-individual variation greater than 
within-day intra-individual variation [40,42]. 
Further complicating the issue is that the physiologi-
cally optimal form of diagnosis is also impractical to 
implement. Despite the fact that numerous reports have 
substantiated that free testosterone better correlates with 
symptoms of LOH, free testosterone is difficult to measure 
and standardize [40,42]. The gold standard for determi-
nation of free testosterone is equilibrium dialysis [43]. 
However, equilibrium dialyses are costly, requiring more 
expertise and time than is considered feasible for local labo-
ratories [44]. Vermeulen et al introduced the method of cal-
culating bioavailable testosterone on the basis of measure-
ments of total testosterone, SHBG, and albumin [43]. 
These values correlate well with those obtained by equili-
brium dialysis, presenting a practical alternative, yet this 
method requires measurement of both total testosterone 
and SHBG. Hence, the standard recommendation for de-
creased levels of testosterone is an arbitrary balance be-Korean J Urol 2011;52:725-735
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FIG. 1. Diagnostic algorithm for late-onset hypogonadism [95]. Recommendations by the ISSAM suggest a serum sample for total 
testosterone, taken between 700 and 1,100 hours, for patients who are at risk or suspected of hypogonadism. Total testosterone above 
12 nmol/l does not require treatment. Patients with serum total testosterone below 8 nmol/l will usually benefit from treatment. If 
the total testosterone is between 8 and 12 nmol/l, the measurement of total testosterone should be repeated with sex hormone-binding 
globulin to calculate free testosterone. Measurements of serum LH will assist in differentiating between primary and secondary 
hypogonadism. LH: luteinizing hormone, FSH: follicle stimulating hormone.
tween pragmatism and accuracy. The practical clinical 
steps of diagnosis would be to first estimate total testoster-
one and then to weigh the need to evaluate free testosterone 
levels by use of SHBG assays. 
With the confusion resulting from the inherent 
wide-reaching and varied nature of testosterone, several 
international organizations have presented guidelines 
and recommendations for the diagnosis and treatment of 
LOH (Table 1 and Fig. 1) [6,7]. 
The current ISSAM and Endocrine Society recom-
mendations agree that serum total testosterone below 230 
ng/dl (8 nmol/l) delineates a state of severe testosterone de-
ficiency and that correlating free testosterone measure-
ments of below 65 pg/ml (225 pmol/l) would assist in con-Korean J Urol 2011;52:725-735
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TABLE 2. Current available regimens for testosterone replacement therapy
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firming the diagnosis for total testosterone measurements 
below 350 ng/dl (12 nmol/l) [6,7]. While appreciating these 
guidelines, clinicians should be aware of the pitfalls sur-
rounding a biochemical diagnosis based on an arbitrary 
level of total testosterone as well as the disadvantage of 
lacking questionnaire tools that could aid in a cohesive ap-
proach to a syndromic pathology.
TESTOSTERONE REPLACEMENT THERAPY
There are several cautionary issues surrounding the prop-
er treatment of LOH. Despite the multiple steps at which 
the effect of testosterone may become diminished, at pres-
ent, there is no substantial evidence-based treatment for 
LOH other than replacement of the deficient hormone 
[6,7]. Furthermore, owing to the arbitrary nature of defin-
ing a diagnostic threshold of total testosterone as a mid to 
lower level in young men, patients may be subjected to un-
necessary testosterone replacement, complicated by the 
risk of increased testosterone levels possibly masking an 
underlying pathology [45]. 
The expected treatment outcome in LOH patients with 
testosterone replacement therapy is primarily improve-
ment of libido and erectile function [7]. With the un-
certainty over the effects of replacement, previous guide-
lines suggested that ideally testosterone replacement 
should mimic normal physiological circadian changes [46]. 
However, no substantial evidence has shown significant 
benefit of such a method, and subsequent recommenda-
tions do not support its necessity [6,7]. A number of natural 
testosterone replacements have been developed. Curren-
tly available routes of delivery consist of oral, buccal, intra-
muscular, and transdermal (patches and gels) routes 
(Table 2). There is no overall optimal therapeutic regimen. 
The clinician should consider the patient’s preference, 
pharmacokinetics, treatment burden, and cost when pre-
scribing treatment [7]. Considering the possibility of treat-
ing false-positive patients, clinical trials lasting 3 to 6 
months to observe for short-term improvement in sexual 
function is pertinent [47]. This trial of treatment is also 
beneficial for observing for adverse effects, because such 
cases warrant rapid discontinuation.
1. Libido 
Animal studies have demonstrated testosterone-related 
changes in the central nervous system. Neurophysiological 
studies of rats have shown that testosterone affects libido 
in the sexually dimorphic nucleus of the preoptic area [48]. 
A recent study demonstrated that, whereas middle-aged 
rats had significant impairments of sexual behavior com-
pared with young rats, castration and exogenous testoster-
one treatment restored sexual activity [35]. The study ob-
served that exogenous testosterone stimuli restored the 
androgen receptor density in the preoptic area to levels 
comparable to those of a young rat. 
There is some difficulty in assessing treatment effects on 
libido in the clinical setting. Studies comparing results in 
humans rely on subjective assessment of libido. Compari-
son of studies is difficult because of the differences in meth-
ods of treatment and response. However, several clinical 
trials have documented the effect of testosterone replace-
ment therapy in improving sexual desire. Several clinical 
trials showed consistent results of increased sexual fre-
quency and libido in hypogonadal men with testosterone Korean J Urol 2011;52:725-735
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replacement [49,50].
Other studies have noted varying responses to treat-
ment depending on the deficiency of testosterone before 
treatment. A meta-analysis of placebo-controlled trials re-
ported that most studies enrolling documented hypo-
gonadal patients showed improvement in libido [51]. The 
review noted, however, significant inconsistencies in the 
response to oral agents. Treatment in the low-normal 
range of testosterone for decreased libido also showed non-
significant or inconsistent effects on libido. A retrospective 
study of 211 men with various degrees of initial testoster-
one showed high response rates to total testosterone below 
300 ng/dl but considerably lower response to low-normal 
testosterone levels [52]. However, a recent placebo-con-
trolled, randomized double-blind study of otherwise-heal-
thy nonobese men with low-normal testosterone and symp-
toms of LOH reported improvement of libido after 12 
months [53]. The variable outcome among patients in the 
low-normal testosterone population may be due to under-
lying low bioavailable testosterone not evident in results 
shown by total testosterone. 
2. Erectile dysfunction
The classic etiology of ED consists of vascular, neurogenic, 
and psychological components. Recent studies have shown 
that ED, as a vascular phenomenon, is predictive of the de-
velopment of serious cardiovascular insults [54]. Other 
systemic conditions, such as diabetes and obesity, also me-
diate pathophysiologic changes that result in peripheral 
neuropathy or microvascular injuries that result in ED in 
a significant number of patients in these populations [55]. 
Conversely, studies have shown that the majority of pa-
tients with ED suffer from these comorbidities [56]. The 
large proportion of patients with systemic comorbidities in 
ED is clinically significant, considering that these patients 
are the main constituents of nonresponders to PDE5 in-
hibitors [57]. 
ED is also the most common sexual dysfunction in pa-
tients with LOH [12]. Animal studies and human cell cul-
ture studies have shown that hypogonadism exerts a sig-
nificant detrimental effect associated with peripheral 
mechanisms in the pathogenesis of ED. Testosterone has 
been shown to control commitment of penile stem cells to 
the smooth muscle cell lineage [58], whereas testosterone 
deprivation by castration results in reduced smooth mus-
cle content and increased connective tissue matrix [59]. 
Testosterone has also been shown to increase nitric oxide 
synthase transcription [60] and to maintain normal 
RhoA/Rho-kinase activity [61]. However, testosterone has 
also been shown to increase the expression of PDE5 [62]. 
Thus, testosterone induces an overall modest effect on erec-
tion alone, as observed in studies that found no significant 
association between ED and hypogonadism in normal 
healthy populations [63]. This dual function has been sug-
gested to allow testosterone to effectively regulate the tim-
ing of erection pertaining to sexual desire [58,64].
The complex association of the systemic etiology of ED, 
as well as the pervasive effect of testosterone in erection, 
suggested the possibility of improving the treatment of ED 
in hypogonadal patients by combined treatment with 
PDE5 inhibitors and testosterone replacement. Clinical 
studies began with ED patients who were refractory to 
PDE5 inhibitors [65]. The studies showed not only im-
proved overall sexual function with combination therapy, 
but most notably, improved erectile function presented as 
both components of subjective symptom scores and as 
physiologic indexes, such as resistive index values [65,66]. 
Studies have since shown various levels of success in erec-
tile function [67]. This may be because most of these clinical 
trials varied in their definition of testosterone deficiency 
as well as in the degrees of concomitant comorbidities, thus 
making it difficult to derive a conclusive target group in 
which combination therapy may benefit [67]. Both the low-
est reported success rate, 34%, and the highest, 100%, were 
from ED patients undergoing dialysis owing to renal fail-
ure [68]. Furthermore, the effect of testosterone does not 
seem to be uniform in these patients, as one study noted 
that the efficacy of combination therapy decreased as pa-
tients normalized in serum total testosterone [69]. Most of 
these studies were also limited in the length of treatment. 
Whereas early responses may be expected as late as 4 
weeks [70], studies have rarely extended beyond 12 weeks 
[66,69], at which point one study even noted a decline in effi-
cacy [69]. Hence, a longer period of observation of a more 
homogeneous cohort of patients is required to propound 
any definite conclusion. At present, combination therapy 
presents as a possible second-line treatment for patients 
failing PDE5 inhibitor monotherapy [71]. 
3. Adverse effects on the prostate
The most significant concern in prescribing testosterone 
replacement therapy is the effect on the prostate. Prostate 
tissue hypertrophy and progression to high-risk prostate 
cancer have been shown to be testosterone dependent [72]. 
The concern over the safety of testosterone replacement is 
understandable because androgen deprivation therapy is 
widely used to maintain prostate cancer regression [73]. 
However, observational studies have failed to find a corre-
lation between serum testosterone levels and prostate 
pathology. Studies of normal men without prostate cancer 
showed no correlation between PSA or prostate volume and 
testosterone [74]. Studies of benign prostatic hyperplasia 
(BPH) patients also showed no correlation between testos-
terone and International Prostate Symptom Score (IPSS) 
scores, PSA, and prostate volume [75]. Measurement of 
prediagnostic testosterone levels and surveillance of pros-
tate cancer also showed no additive effect of testosterone 
on cancer risk [76]. To address this concern, 18 study groups 
pooled patient data to identify prostate cancer risk against 
endogenous sex hormones [77]. The collected data repre-
sented 3,886 men with incident prostate cancer against 
6,438 controls. Analysis of the data suggested no evidence 
that serum concentrations of sex hormones were asso-
ciated with the risk of prostate cancer.Korean J Urol 2011;52:725-735
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TABLE 3. Guidelines for monitoring prostate safety during 
testosterone replacement therapy
Prostate cancer
    Contraindicated in P ca
a. or breast ca.
    Relatively CIx in high risk of developing P ca. 
    Unclear in localized low-grade (Gleason score ＜7) P ca.
    Successfully treated P ca. are potential candidates for   
    TRT after a prudent interval of no clinical or lab.  
    Evidence of residual ca. 
BPH
b
    Relative CIx in severe LUTS
c (high IPSS
d ＞21) for BPH 
    No CIx after successful Tx of lower urinary tract  obst.
Careful monitor for prostate safety during treatment 
    DRE
e, PSA
f
    Baseline, 3-6, 12 months and annually 
    Baseline, 3, 6, 9, 12 months and yearly in 2006
TR biopsies are indicated in sufficient high risk of P ca. 
    DRE: palpable prostate nodule or induration 
    PSA: ＞4 ng/ml 
        ＞3 ng/ml with high risk
        A baseline PSA ＞0.6 ng/ml 
    Age: ＞40 yr 
    F/Hx: first-degree relatives with prostate cancer.
    Ethnicity/race: African Americans 
No conclusive evidence  
    TRT increases the risk of P ca.  
    TRT convert subclinical  P ca. to clinically detectable P ca. 
    TRT increases the risk of BPH 
Unequivocal evidence 
    Testosterone can stimulate growth and aggravate symptoms 
      in locally advanced and metastatic P ca. 
a: prostate cancer, 
b: benign prostatic hyperplasia, 
c: lower 
Urinary tract symptoms, 
d: International Prostate Symptom 
Score, 
e: digital rectal examination, 
f: prostate specific antigen
Marks et al performed a randomized double-blind study 
in which hypogonadal men received testosterone or place-
bo and were observed for changes in prostate tissue testos-
terone after 6 months [78]. The study reported no change 
in histology, tissue markers, or gene expression specific to 
cancer and no significant changes in prostate volume, PSA, 
or voiding symptoms. Measurements of prostatic tissue 
testosterone levels remained at normal levels. Morgen-
taler and Traish suggested that the discrepancy between 
castration level testosterone inhibiting prostate cancer 
growth and normal levels not affecting incidence could be 
explained by the low threshold of androgen receptor bind-
ing achieving saturation [73]. They elaborated that testos-
terone exerts prostatic effects primarily by binding to the 
androgen receptor, and that maximal androgen–androgen 
receptor binding is achieved at serum testosterone concen-
trations well below the physiologic range. These ob-
servations suggest no clear correlation between testoster-
one replacement therapy and the incidence of prostate can-
cer, BPH, or progression of prostate cancer at normal se-
rum levels. There is also evidence that testosterone sup-
pression reduces growth or symptoms in men with ad-
vanced prostate cancer [72]. 
Despite the positive outlook for testosterone replace-
ment therapy against the risk of prostate malignancies, the 
evidence also cautions vigilance. Recently, the growth of 
prostate cancer cells affected by testosterone, or dihy-
drotestosterone, suggests possible cross-talk with EGF-re-
ceptors and downstream pathways inducing MAPK signal-
ing [79]. Through such nontranscriptional activities medi-
ated by cross-talk between pathways, testosterone may af-
fect a variety of physiologic functions including cell mo-
tility, metastasis, survival, and proliferation. Without 
clearly being able to discount these effects, cautious sur-
veillance for the risk of prostate cancer development is war-
ranted in patients receiving testosterone replacement 
therapy. The Endocrine Society recommends measure-
ment of PSA at the initiation of treatment and at 3 to 6 
months. An increase of the serum PSA concentration of 
more than 1.4 ng/ml within a 12 month period, a PSA veloc-
ity of higher than 0.4 ng/ml per year when observed for more 
than 2 years, detection of abnormalities on digital rectal ex-
amination, or an IPSS score above 19 should alert the urolo-
gist to consider the finding based on serum PSA and digital 
rectal exam when deciding on the need for a prostate 
biopsy. The ISSAM also recommends monitoring patients 
receiving testosterone treatment at 3 to 6 months, 12 
months, and then annually. Findings on the digital rectal 
exam and PSA indicate the need for a prostate biopsy. 
Relative contraindications include an IPSS scores higher 
than 21, which is associated with a risk for exacerbation 
of lower urinary tract symptoms or acute urinary retention 
(Table 3).
4. Concern for safety of other systems
The initial concerns during the recent rediscovery of testos-
terone replacement therapy primarily centered on the sig-
nificant adverse effects of previous androgen therapies. 
Abuse of synthetic androgens in high doses by athletes has 
led to documented side effects, including accumulation of 
lean body mass and fluid retention, gynecomastia, sleep 
apnea, and hepatitis [80]. Most of these side effects have 
been found to be associated with modified testosterone 
products with alkylation at the 17-hydroxy position, which 
leads to exacerbation of anabolic effects over androgenic ef-
fects, and are further complicated by overdoses up to 100 
times recommendations [81]. Alkylated androgens at high 
doses can cause hepatocellular and intrahepatic choles-
tasis that occasionally results in severe jaundice and hep-
atic failure. Peliosis hepatis, hepatocellular adenoma, and 
carcinoma may also result from the use of these compounds 
[82]. Because testosterone can be aromatized to estradiol 
in peripheral tissues, it occasionally induces mild gyneco-
mastia, most commonly in adolescents. However, aromati-
zation is common in men who take supraphysiologic doses 
of androgens, and these effects may persist for months after 
use of the alkylated agents has ceased [81]. Sleep apnea oc-
casionally develops or worsens during androgen-replace-
ment therapy [83], and erythrocytosis may also occur. Korean J Urol 2011;52:725-735
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With structural modifications, modern formulations 
prevent supraphysiological serum testosterone concen-
trations, thereby avoiding toxicologic risk to the liver. 
Gynecomastia is also rare under physiologic levels of tes-
tosterone [84]. Current guidelines include contraindica-
tion of therapy in case of breast cancer. Although sleep ap-
nea is a predominantly male disease, recent studies have 
failed to provide compelling evidence that testosterone re-
placement is associated [83]. Testosterone versus placebo 
studies have shown no changes in respiratory disturbance 
index or upper airway caliber [85].
However, testosterone replacement therapy has con-
sistently demonstrated stimulation of red blood cell 
production. The mechanism of action is through augmen-
tation of erythropoietin and direct effects of testosterone 
on erythroblasts in the bone marrow [86]. Although the oc-
currence of thromboembolism has not been reported in 
studies of testosterone replacement, current guidelines 
contraindicate the initiation of treatment in patients with 
a hematocrit above 52% [84].
The effects of testosterone on the lipid profile are still be-
ing debated. Khaw et al followed 11,606 men aged 40 to 79 
years in a nested case-control study and found that mean 
testosterone concentrations were lower in men who died of 
any cause, cardiovascular disease, or cancer than in control 
subjects [87]. Men who died of cardiovascular causes also 
had significantly higher mean body mass index, serum cho-
lesterol, and low-density lipoprotein (LDL):high-density 
lipoprotein (HDL) cholesterol ratios. Testosterone concen-
trations were significantly inversely related to body mass 
index, waist-hip ratio, triglycerides, and the prevalence of 
diabetes mellitus and were positively related to total cho-
lesterol, LDL cholesterol, and HDL cholesterol concen-
trations and to cigarette smoking. A meta-analysis of tes-
tosterone replacement pooled data from 29 randomized 
clinical trials and suggested that testosterone replacement 
reduced total cholesterol, with no change in LDL cholester-
ol [88]. There was also a reduction of HDL cholesterol, 
which was only found in studies with higher mean testos-
terone levels at baseline. 
Testosterone has shown improvements in short-term 
cardiovascular function either directly or indirectly 
through aromatization [89]. Animal studies have also 
shown testosterone to have an acute effect in dilatation of 
the coronary and pulmonary arteries. It is believed that tes-
tosterone causes both endothelium-dependent and endo-
thelium-independent vasodilatation. The former is ach-
ieved by an increased release of nitric oxide from the endo-
thelium, whereas the latter is caused by blocking of calcium 
channels or opening of potassium channels [90]. A 
short-term study of testosterone in 12 men with coronary 
artery disease or proven myocardial infarction showed sig-
nificant changes in improvement in ischemic threshold pa-
rameters [89]. Furthermore, this study showed concurrent 
evidence of total cholesterol and serum tumor necrosis fac-
tor-α  reduction. A more recent trial studied the effects on 
ischemia for 12 months with a randomized parallel group 
control trial [91]. At the end of follow-up, the testosterone 
group showed increased time to ischemia and decreased se-
rum triglycerides and body mass index, with no significant 
effects on serum HDL. 
Testosterone is also an important modulator of insulin 
sensitivity. Several clinical studies showed improved glu-
cose metabolism in testosterone versus placebo trials of hy-
pogonadal diabetic men [92-94]. Kapoor et al performed a 
double-blind cross-over study on 24 men with hypogonad-
ism and type 2 diabetes [93]. Treatment periods lasted ap-
proximately 3 months. Testosterone therapy improved 
fasting insulin sensitivity and reduced glycated hemoglo-
bin, fasting blood glucose, and total cholesterol as well as 
visceral adiposity as assessed by waist circumference and 
waist-hip ratio [94]. 
Currently, the overall effect of testosterone replacement 
has not been clearly established beyond safety under the 
recommended indications. Further investigations are re-
quired to claim any definite improvements to other asso-
ciated systems. 
CONCLUSION
Testosterone plays a significant role in the well-being of 
older men. Accumulating evidence even suggests a more 
vital role of testosterone replacement than improving the 
quality of life. Studies have consistently shown that testos-
terone deficiency leads to loss of libido and deteriorating 
erectile function, whereas replacement in testoster-
one-deficient patients provides symptomatic relief and 
improvement.
Because the diagnosis is not clearly delineated with an 
absolute biochemical threshold or pathognomic signs and 
symptoms, the early treatment period should be assessed 
for clear improvement of hypogonadic features. Although 
this may seem foreboding, such a recommendation merely 
dictates that therapy be accompanied by a short trial period 
with vigilance against possible adverse effects or under-
lying diseases. If there is no apparent danger of continuing 
treatment, maintaining and monitoring therapy within 
guidelines may significantly improve the patient’s quality 
of life and well-being. 
Conflicts of Interest
The authors have nothing to disclose.
REFERENCES
1. Brown-Sequard CE. Lancet 1889;134:105-6.
2. Feldman HA, Longcope C, Derby C, Johannes C, Araujo AB, 
Coviello A, et al. Age trends in the level of serum testosterone and 
other hormones in middle-aged men: longitudinal results from 
the Massachusetts male aging study. J Clin Endocrinol Metab 
2002;87:589-98.
3. Harman SM, Metter EJ, Tobin JD, Pearson J, Blackman MR; 
Balitimore Longitudinal Study of Aging. Longitudinal effects of 
aging on serum total and free testosterone levels in healthy men. 
Balitimore Longitudinal Study of Aging. J Clin Endocrinol Metab Korean J Urol 2011;52:725-735
Diagnosis and Treatment of Sexual Dysfunctions in Late-Onset Hypogonadism 733
2001;86:724-31.
4. Morley JE, Kim MJ, Haren MT, Kevorkian R, Banks WA. Frailty 
and the aging male. Aging Male 2005;8:135-40.
5. Morales A, Heaton JPW. Androgen deficiency in the aging male. 
In: Broderick G, editor. Oral drug therapy of sexual dysfunction. 
1st ed. Totowa NJ: Humana Press Inc; 2005; 279-99.
6. Wang C, Nieschlag E, Swerdloff R, Behre HM, Hellstrom WJ, 
Gooren LJ, et al. ISA, ISSAM, EAU, EAA and ASA recom-
mendations: Investigation, treatment and monitoring of late-on-
set hypogonadism in males. Int J Impot Res 2008;21:1-8.
7. Bhasin S, Cunningham GR, Hayes FJ, Matsumoto AM, Snyder 
PJ, Swerdloff RS, et al. Testosterone therapy in men with an-
drogen deficiency syndromes: an Endocrine Society clinical prac-
tice guideline. J Clin Endocrinol Metab 2010;95:2536-59.
8. Lindau ST, Schumm LP, Laumann EO, Levinson W, 
O'Muircheartaigh CA, Waite LJ. A study of sexuality and health 
among older adults in the United States. N Engl J Med 
2007;357:762-74.
9. Nicolosi A, Buvat J, Glasser DB, Hartmann U, Laumann EO, 
Gingell C. Sexual behaviour, sexual dysfunctions and related help 
seeking patterns in middle-aged and elderly Europeans: The glob-
al study of sexual attitudes and behaviors. World J Urol 
2006;24:423-8.
10. Araujo AB, Esche GR, Kupelian V, O'Donnell AB, Travison TG, 
Williams RE, et al. Prevalence of symptomatic androgen defi-
ciency in men. J Clin Endocrinol Metab 2007;92:4241-7.
11. Travison TG, Morley JE, Araujo AB, O'Donnell AB, McKinlay JB. 
The relationship between libido and testosterone levels in aging 
men. J Clin Endocrinol Metab 2006;91:2509-13.
12. Corona G, Lee DM, Forti G, O'Connor DB, Maggi M, O'Neill TW, 
et al. Age related changes in general and sexual health in middle 
aged and older men: Results from the European Male Ageing 
Study (EMAS). J Sex Med 2010;7:1362-80.
13. Wu FC, Tajar A, Beynon JM, Pye SR, Silman AJ, Finn JD, et al. 
Identification of late-onset hypogonadism in middle-aged and 
elderly men. N Engl J Med 2010;363:123-35.
14. Baumgartner RN, Waters DL, Gallagher D, Morley JE, Garry PJ. 
Predictors of skeletal muscle mass in elderly men and women. 
Mech Ageing Dev 1999;107:123-36.
15. Amin S, Zhang Y, Felson DT, Sawin CT, Hannan MT, Wilson PW, 
et al. Estradiol, testosterone, and the risk for hip fractures in eld-
erly men from the Framingham Study. Am J Med 2006; 
119:426-33.
16. Barrett-Connor E, Mueller JE, von Mühlen DG, Laughlin GA, 
Schneider DL, Sartoris DJ. Low levels of estradiol are associated 
with vertebral fractures in older men, but not women: the Rancho 
Bernardo Study. J Clin Endocrinol Metab 2000;85:219-23.
17. Nyquist F, Gärdsell P, Sernbo I, Jeppsson JO, Johnell O. 
Assessment of sex hormones and bone mineral density in relation 
to occurrence of fracture in men: A prospective population-based 
study. Bone 1998;22:147-51.
18. Laughlin G, Barrett-Connor E, Bergstrom J. Low serum testos-
terone and mortality in older men. J Clin Endocrinol Metab 
2008;93:68-75.
19. Zitzmann M, Faber S, Nieschlag E. Association of specific symp-
toms and metabolic risks with serum testosterone in older men. 
J Clin Endocrinol Metab 2006;91:4335-43.
20. Gooren LJ. Diagnostic approach to the aging male. World J Urol 
2002;20:17-22.
21. Heinemann L, Zimmermann T, Vermeulen A, Thiel C, Hummel 
W. A new ‘aging males’ symptoms' rating scale. Aging Male 
1999;2:105-14.
22. Morley JE, Charlton E, Patrick P, Kaiser FE, Cadeau P, 
McCready D, et al. Validation of a screening questionnaire for an-
drogen deficiency in aging males. Metabolism 2000;49:1239-42.
23. Morley JE, Perry HM 3rd, Kevorkian R, Patrick P. Comparison 
of screening questionnaires for the diagnosis of hypogonadism. 
Maturitas 2006;53:424-9.
24. Handelsman DJ. Testosterone: use, misuse and abuse. Med J 
Aust 2006;185:436-9.
25. O'Connor DB, Corona G, Forti G, Tajar A, Lee DM, Finn JD, et 
al. Assessment of sexual health in aging men in Europe: 
Development and validation of the European Male Ageing Study 
sexual function questionnaire. J Sex Med 2008;5:1374-85.
26. Rosen RC, Araujo AB, Connor MK, Elstad EA, McGraw SA, Guay 
AT, et al. Assessing symptoms of hypogonadism by self-ad-
ministered questionnaire: qualitative findings in patients and 
controls. Aging Male 2009;12:77-85.
27. Meikle AW, Mazer NA, Moellmer JF, Stringham JD, Tolman KG, 
Sanders SW, et al. Enhanced transdermal delivery of testoster-
one across nonscrotal skin produces physiological concentrations 
of testosterone and its metabolites in hypogonadal men. J Clin 
Endocrinol Metab 1992;74:623-8.
28. Dunn JF, Nisula BC, Rodbard D. Transport of steroid hormones: 
binding of 21 endogenous steroids to both testosterone-binding 
globulin and corticosteroid-binding globulin in human plasma. J 
Clin Endocrinol Metab 1981;53:58-68.
29. Rosner W, Deakins SM. Testosterone-binding globulins in hu-
man plasma: studies on sex distribution and specificity. J Clin 
Invest 1968;47:2109-16.
30. Khan MS, Knowles BB, Aden DP, Rosner W. Secretion of testos-
terone-estradiol-binding globulin by a human hepatoma-derived 
cell line. J Clin Endocrinol Metab 1981;53:448-9.
31. Pugeat M, Moulin P, Cousin P, Fimbel S, Nicolas MH, Crave JC, 
et al. Interrelations between sex hormone-binding globulin 
(SHBG), plasma lipoproteins and cardiovascular risk. J Steroid 
Biochem Mol Biol 1995;53:567-72.
32. Kahn SM, Hryb DJ, Nakhla AM, Romas NA, Rosner W. Sex hor-
mone-binding globulin is synthesized in target cells. J Endocrinol 
2002;175:113-20.
33. Yeap BB. Testosterone and ill-health in aging men. Nat Clin Pract 
Endocrinol Metab 2009;5:113-21.
34. Askew EB, Gampe RT Jr, Stanley TB, Faggart JL, Wilson EM. 
Modulation of androgen receptor activation function 2 by testos-
terone and dihydrotestosterone. J Biol Chem 2007;282:25801-16.
35. Wu D, Gore AC. Changes in androgen receptor, estrogen receptor 
alpha, and sexual behavior with aging and testosterone in male 
rats. Horm Behav 2010;58:306-16.
36. Frye CA. Hormonal infliences on seizures: basic neurobiology. Int 
Rev Neurobiol 2008:83;27-75.
37. Bhasin S, Jasuja R. Selective androgen receptor modulators as 
function promoting therapies. Curr Opin Clin Nutr Metab Care 
2009;12:232-40.
38. Lee HJ, Chang C. Recent advances in androgen receptor action. 
Cell Mol Life Sci 2003;60:1613-22.
39. Crabbe P, Bogaert V, De Bacquer D, Goemaere S, Zmierczak H, 
Kaufman JM. Part of the interindividual variation in serum tes-
tosterone levels in healthy men reflects differences in androgen 
sensitivity and feedback set point: Contribution of the androgen 
receptor polyglutamine tract polymorphism. J Clin Endocrinol 
Metab 2007;92:3604-10.
40. Collier CP, Morales A, Clark A, Lam M, Wynne-Edwards K, Black 
A. The significance of biological variation in the diagnosis of tes-
tosterone deficiency, and consideration of the relevance of total, Korean J Urol 2011;52:725-735
734 Kim and Moon
free and bioavailable testosterone determinations. J Urol 2010; 
183:2294-9.
41. Kelleher S, Conway AJ, Handelsman DJ. Blood testosterone 
threshold for androgen deficiency symptoms. J Clin Endocrinol 
Metab 2004;89:3813-7.
42. Morley JE, Patrick P, Perry HM 3rd. Evaluation of assays avail-
able to measure free testosterone. Metabolism 2002;51:554-9.
43. Vermeulen A, Verdonck L, Kaufman JM. A critical evaluation of 
simple methods for the estimation of free testosterone in serum. 
J Clin Endocrinol Metab 1999;84:3666-72.
44. Cunningham GR, Toma SM. Clinical review: Why is androgen re-
placement in males controversial? J Clin Endocrinol Metab 
2010;96:38-52.
45. Black AM, Day AG, Morales A. The reliability of clinical and bio-
chemical assessment in symptomatic late-onset hypogonadism: 
Can a case be made for a 3-month therapeutic trial? BJU Int 
2004;94:1066-70.
46. Morales A, Lunenfeld B; International Society for the Study of the 
Aging Male. Investigation, treatment and monitoring of late-on-
set hypogonadism in males. Official recommendations of ISSAM. 
International Society for the Study of the Aging Male. Aging Male 
2002;5:74-86.
47. Morales A, Spevack M, Emerson L, Kuzmarov I, Casey R, Black 
A, et al. Adding to the controversy: pitfalls in the diagnosis of tes-
tosterone deficiency syndromes with questionnaires and 
biochemistry. Aging Male 2007;10:57-65.
48. Anderson RH, Fleming DE, Rhees RW, Kinghorn E. 
Relationships between sexual activity, plasma testosterone, and 
the volume of the sexually dimorphic nucleus of the preoptic area 
in prenatally stressed and non-stressed rats. Brain Res 
1986;370:1-10.
49. Yassin AA, Saad F. Improvement of sexual function in men with 
late-onset hypogonadism treated with testosterone only. J Sex 
Med 2007;4:497-501.
50. Jockenhövel F, Minnemann T, Schubert M, Freude S, Hübler D, 
Schumann C, et al. Comparison of long-acting testosterone un-
decanoate formulation versus testosterone enanthate on sexual 
function and mood in hypogonadal men. Eur J Endocrinol 
2009;160:815-9.
51. Boloña ER, Uraga MV, Haddad RM, Tracz MJ, Sideras K, 
Kennedy CC, et al. Testosterone use in men with sexual dysfunc-
tion: a systematic review and meta-analysis of randomized place-
bo-controlled trials. Mayo Clinic Proc 2007;82:20-8.
52. Reyes Vallejo L, Lazarou S, Morgentaler A. Subjective sexual re-
sponse to testosterone replacement therapy based on initial se-
rum levels of total testosterone. J Sex Med 2007;4:1757-62.
53. Allan CA, Forbes EA, Strauss BJ, McLachlan RI. Testosterone 
therapy increases sexual desire in ageing men with low-normal 
testosterone levels and symptoms of androgen deficiency. Int J 
Impot Res 2008;20:396-401.
54. Corona G, Mannucci E, Forti G, Maggi M. Hypogonadism, ED, 
metabolic syndrome and obesity: A pathological link supporting 
cardiovascular diseases. Int J Androl 2009;32:587-98.
55. Diaz-Arjonilla M, Schwarcz M, Swerdloff R, Wang C. Obesity, low 
testosterone levels and erectile dysfunction. Int J Impot Res 
2008;21:89-98.
56. Seftel AD, Sun P, Swindle R. The prevalence of hypertension, hy-
perlipidemia, diabetes mellitus and depression in men with erec-
tile dysfunction. J Urol 2004;171:2341-5.
57. Rendell MS, Rajfer J, Wicker PA, Smith MD. Sildenafil for treat-
ment of erectile dysfunction in men with diabetes: a randomized 
controlled trial. JAMA 1999;281:421-6.
58. Morelli A, Corona G, Filippi S, Ambrosini S, Forti G, Vignozzi L, 
et al. Which patients with sexual dysfunction are suitable for tes-
tosterone replacement therapy? J Endocrinol Invest 2007;30: 
880-8.
59. Traish AM, Park K, Dhir V, Kim NN, Moreland RB, Goldstein I. 
Effects of castration and androgen replacement on erectile func-
tion in a rabbit model. Endocrinology 1999;140:1861-8.
60. Lugg JA, Rajfer J, González-Cadavid NF. Dihydrotestosterone is 
the active androgen in the maintenance of nitric oxide-mediated 
penile erection in the rat. Endocrinology 1995;136:1495-501.
61. Rajasekaran M, White S, Baquir A, Wilkes N. Rho-kinase in-
hibition improves erectile function in aging male Brown-Norway 
rats. J Androl 2005;26:182-8.
62. Zhang XH, Morelli A, Luconi M, Vignozzi L, Filippi S, Marini M, 
et al. Testosterone regulates PDE5 expression and in vivo re-
sponsiveness to tadalafil in rat corpus cavernosum. Eur Urol 
2005;47:409-16.
63. Rhoden EL, Telöken C, Sogari PR, Souto CA. The relationship of 
serum testosterone to erectile function in normal aging men. J 
Urol 2002;167:1745-8.
64. Vignozzi L, Corona G, Petrone L, Filippi S, Morelli AM, Forti G, 
et al. Testosterone and sexual activity. J Endocrinol Invest 
2005;28(3 Suppl):39-44.
65. Aversa A, Isidori AM, Spera G, Lenzi A, Fabbri A. Androgens im-
prove cavernous vasodilation and response to sildenafil in pa-
tients with erectile dysfunction. Clin Endocrinol (Oxf) 2003;58: 
632-8.
66. Greenstein A, Mabjeesh NJ, Sofer M, Kaver I, Matzkin H, Chen 
J. Does sildenafil combined with testosterone gel improve erectile 
dysfunction in hypogonadal men in whom testosterone supple-
ment therapy alone failed? J Urol 2005;173:530-2.
67. Greco EA, Spera G, Aversa A. Combining testosterone and PDE5 
inhibitors in erectile dysfunction: basic rationale and clinical 
evidences. Eur Urol 2006;50:940-7.
68. Chatterjee R, Wood S, McGarrigle HH, Lees WR, Ralph DJ, Neild 
GH. A novel therapy with testosterone and sildenafil for erectile 
dysfunction in patients on renal dialysis or after renal trans-
plantation. J Fam Plann Reprod Health Care 2004;30:88-90.
69. Shabsigh R, Kaufman JM, Steidle C, Padma-Nathan H. Rando-
mized study of testosterone gel as adjunctive therapy to sildenafil 
in hypogonadal men with erectile dysfunction who do not respond 
to sildenafil alone. J Urol 2004;172:658-63.
70. Aversa A, Bruzziches R, Francomano D, Natali M, Lenzi A. 
Testosterone and phosphodiesterase type-5 inhibitors: new strat-
egy for preventing endothelial damage in internal and sexual 
medicine? Ther Adv Urol 2009;1:179-97.
71. Corona G, Maggi M. The role of testosterone in erectile 
dysfunction. Nat Rev Urol 2010;7:46-56.
72. D'Amico AV, Renshaw AA, Loffredo B, Chen MH. Duration of tes-
tosterone suppression and the risk of death from prostate cancer 
in men treated using radiation and 6 months of hormone therapy. 
Cancer 2007;110:1723-8.
73. Morgentaler A, Traish AM. Shifting the paradigm of testosterone 
and prostate cancer: the saturation model and the limits of an-
drogen-dependent growth. Eur Urol 2009;55:310-20.
74. Monath JR, McCullough DL, Hart LJ, Jarow JP. Physiologic var-
iations of serum testosterone within the normal range do not af-
fect serum prostate-specific antigen. Urology 1995;46:58-61.
75. Liu CC, Huang SP, Li WM, Wang CJ, Chou YH, Li CC, et al. 
Relationship between serum testosterone and measures of be-
nign prostatic hyperplasia in aging men. Urology 2007;70:677-80.
76. Nomura A, Heilbrun LK, Stemmermann GN, Judd HL. Prediag-Korean J Urol 2011;52:725-735
Diagnosis and Treatment of Sexual Dysfunctions in Late-Onset Hypogonadism 735
nostic serum hormones and the risk of prostate cancer. Cancer 
Res 1988;48:3515-7.
77. Endogenous Hormones and Prostate Cancer Collaborative 
Group, Roddam AW, Alen NE, Appleby P, Key TJ. Endogenous 
sex hormones and prostate cancer: a collaborative analysis of 18 
prospective studies. J Natl Cancer Inst 2008;100:170-83.
78. Marks LS, Mazer NA, Mostaghel E, Hess DL, Dorey FJ, Epstein 
JI, et al. Effect of testosterone replacement therapy on prostate 
tissue in men with late-onset hypogonadism: a randomized con-
trolled trial. JAMA 2006;296:2351-61.
79. Sen A, O'Malley K, Wang Z, Raj GV, Defranco DB, Hammes SR. 
Paxillin regulates androgen-and epidermal growth factor-in-
duced MAPK signaling and cell proliferation in prostate cancer 
cells. J Biol Chem 2010;285:28787-95.
80. Bagatell CJ, Bremner WJ. Androgens in men - uses and abuses. 
N Engl J Med 1996;334:707-14.
81. Wilson JD. Androgen abuse by athletes. Endocr Rev 1988;9: 
181-99.
82. See KL, Søe M, Gluud C. Liver pathology associated with the use 
of anabolic androgenic steroids. Liver 1992;12:73-9.
83. Matsumoto AM, Sandblom RE, Schene RB, Lee KA, Giblin EC, 
Pierson DJ, et al. Testosterone replacement in hypogonadal men: 
Effects on obstructive sleep apnoea, respiratory drives, and sleep. 
1985;22:713-21.
84. Tan RS, Salazar JA. Risks of testosterone replacement therapy 
in ageing men. Expert Opinion on Drug Saf 2004;3:599-606.
85. Liu PY, Yee B, Wishart SM, Jimenez M, Jung DG, Grunstein RR, 
et al. The short-term effects of high-dose testosterone on sleep, 
breathing, and function in older men. J Clin Endocrinol Metab 
2003;88:3605-13.
86. Shahidi NT. Androgens and erythropoiesis. N Engl J Med 1973; 
289:72-80.
87. Khaw KT, Dowsett M, Folkerd E, Bingham S, Wareham N, Luben 
R, et al. Endogenous testosterone and mortality due to all causes, 
cardiovascular disease, and cancer in men: European prospective 
investigation into cancer in Norfolk (EPIC-Norfolk) Prospective 
Population Study. Circulation 2007;116:2694-701.
88. Isidori AM, Giannetta E, Greco EA, Gianfrilli D, Bonifacio V, 
Isidori A, et al. Effects of testosterone on body composition, bone 
metabolism and serum lipid profile in middle-aged men: a 
meta-analysis. Clin Endocrinol (Oxf) 2005;63:280-93.
89. Malkin CJ, Pugh PJ, Morris PD, Kerry KE, Jones RD, Jones TH, 
et al. Testosterone replacement in hypogonadal men with angina 
improves ischaemic threshold and quality of life. Heart 
2004;90:871-6.
90. Jones RD, Pugh PJ, Jones TH, Channer KS. The vasodilatory ac-
tion of testosterone: A potassium channel opening or a calcium 
antagonistic action? Br J Pharmacol 2003;138:733-44.
91. Mathur A, Malkin C, Saeed B, Muthusamy R, Jones TH, Channer 
K. Long-term benefits of testosterone replacement therapy on an-
gina threshold and atheroma in men. Eur J Endocrinol 2009;161: 
443-9.
92. Boyanov MA, Boneva Z, Christov VG. Testosterone supplementa-
tion in men with type 2 diabetes, visceral obesity and partial an-
drogen deficiency. Aging Male 2003;6:1-7.
93. Kapoor D, Goodwin E, Channer KS, Jones TH. Testosterone re-
placement therapy improves insulin resistance, glycaemic con-
trol, visceral adiposity and hypercholesterolaemia in hypogona-
dal men with type 2 diabetes. Eur J Endocrinol 2006;154:899-906.
94. Farid S, Louis J. The Role of Testosterone in the Etiology and 
Treatment of Obesity, the Metabolic Syndrome, and Diabetes 
Mellitus Type 2. J Obes 2010;2011.
95. Lunenfeld B, Nieschlag E. Testosterone therapy in the aging 
male. Aging Male 2007;10:139-53.